INTRODUCTION
============

Atrial fibrillation (AF) is a common cardiac arrhythmia inclinical practice, and its prevalence rate significantly increases with age.^[@R1]^ AF leads to a higher rate of ischemic stroke, heart failure, and vascular death, increasing the morbidity and mortality rates.^[@R2]--[@R5]^ Vascular complications and AF share many common risk factors, including age, smoking status, obesity, diabetes, and hypertension.^[@R4],[@R6]^ Recent evidence has revealed similarities, such as inflammation, endothelial injury, and fulfillment of Virchow\'s triad, between the pathogenesis of thrombogenesis among patients with AF and atherothrombosis.^[@R7],[@R8]^

Peripheral arterial disease (PAD), the third leading cause of atherosclerotic vascular morbidity, has many risk factors common with AF. Both PAD and AF are increasingly prevalent in elderly patients and have a higher rate of vascular events, including stroke and myocardial infarction (MI), compared with the general population.^[@R9],[@R10]^ PAD is often asymptomatic; however, asymptomatic PAD confers a high risk of vascular events or mortality.^[@R11]^ Based on different populations and comorbidities, some observational studies have revealed a high prevalence of PAD (12.2% to 16.8%) in the AF population.^[@R12]--[@R14]^ Therefore, more information is required on the prevalence of PAD among patients with AF in the general population and its association with and differences from other major comorbidities.

The aim of this nationwide population-based study was to analyze the prevalence of PAD among patients with AF in the general population and determine whether these patients are at a higher risk of PAD and other comorbidities.

METHODS
=======

Data Source
-----------

In this retrospective cohort study, medical records were retrieved from the Longitudinal Health Insurance Database 2000 (LHID2000) ([http://nhird.nhri.org.tw/en/Data_Subsets.html\#S3](http://nhird.nhri.org.tw/en/Data_Subsets.html)). In 1995, the National Health Insurance (NHI) program, a government-run, single-payer insurance system, was established in Taiwan. All Taiwanese residents are obligated to enroll in the NHI program, which covers \>99% of the Taiwanese population (<http://www.nhi.gov.tw/>). The LHID2000 comprises the claims data and registration files of 1,000,000 patients randomly sampled from the 2000 Registry for Beneficiaries of the Taiwan NHI program. The National Health Research Institute reportedno significant differences in sex, age, and health care cost distributions between patients in the LHID2000 and all enrollees and beneficiaries. The diagnostic codes used were based on the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). This study was approved to fulfill the condition for exemption by the Institutional Review Board (IRB) of China Medical University (CMUH-104-REC2-115). The IRB also specifically waived the consent requirement.

Patients
--------

We selected 6764 patients with newly diagnosed AF (ICD-9-CM code 427.3) during 2000 to 2011. These patients had complete age or sex information, but were not previously diagnosed with PAD (ICD-9-CM codes 440.2, 440.3, 440.8, 440.9, and 443), heart failure (ICD-9-CM code 428), and stroke (ICD-9-CM codes 430--438). The date of AF diagnosis was defined as the index date. Four patients without AF were frequency-matched with each patient in the AF cohort with respect to age (in 5-year intervals), sex, and the year of the index date. In the non-AF cohort, patients with a history of AF, PAD, heart failure, and stroke before the index date or incomplete data on age or sex were excluded and replaced with qualifying patients. Finally, 3841 and 15,364 patients were included in the AF and non-AF cohorts, respectively.

Outcome and Comorbidity
-----------------------

Patients in both cohorts were monitored from the index date until a new diagnosis of PAD, heart failure, stroke, or death or until they were censored because of loss to follow-up, withdrawal from the insurance system, or the end of follow-up on December 31, 2011.

We considered diabetes (ICD-9-CM code 250), hypertension (ICD-9-CM codes 401--405), hyperlipidemia (ICD-9-CM code 272), chronic obstructive pulmonary disease (COPD; ICD-9-CM codes 491, 492, and 496) and coronary artery disease (CAD; ICD-9-CM codes 410--414) as pre-existing comorbidities that were potential confounders in the association between AF and outcomes.

Statistical Analysis
--------------------

The distributions of categorical demographic factors and comorbidities, namely sex, age (≤64 years, 65--74 years, and 75 years), diabetes, hypertension, hyperlipidemia, COPD, CAD, and asthma, were compared between the AF and non-AF cohorts. Differences were examined using the chi-squared and *t* tests for categorical and continuous variables, respectively.

Furthermore, the cumulative incidence Kaplan--Meier curves of the 2 cohorts were compared using the log rank test. The incidence of outcomes (per 1000 person-years) was estimated for each cohort by using the associated demographic variables and comorbidities. Univariate and multivariate Cox proportional hazard regression models were used for examining the effects of AF on the risk of outcomes; results are shown as hazard ratios (HRs) with 95% confidence intervals (CIs). The multivariate model was used for adjusting several variables such as sex; age; and comorbidities of diabetes, hypertension, hyperlipidemia, COPD, CAD, and asthma. Data processing and statistical analyses were performed using the SAS statistical software (Version 9.3 for Windows; SAS Institute, Inc, Cary, NC). A 2-tailed *P* value of 0.05 was considered significant.

RESULTS
=======

The distributions of the demographic variables and comorbidities of the AF and non-AF cohorts are shown in Table [1](#T1){ref-type="table"}. The proportion of men was higher than that of women (58.0% vs 42.1%). The mean (± standard deviation) age of the AF cohort was 66.8 (±13.4) years, and that of the non-AF cohort was 65.9 (±13.5) years, with 39.8% of all patients aged ≤ 64 years. Comorbidities were more likely to occur in the AF cohort than in the non-AF cohort (*P* \< `0`.001).

###### 

Comparison of Demographic Characteristics and Comorbidities in Patients With and Without Atrial Fibrillation

![](medi-95-e3002-g001)

The average follow-up periods of PAD were 4.96 ± 3.28 and 5.29 ± 3.35 years for the AF and non-AF cohorts, respectively. Overall, the patients with AF had higher incidence density rates of PAD (6.87 vs 4.06 per 1000 person-years), heart failure (50.7 vs 6.91 per 1000 person-years), stroke (40.0 vs 13.9 per 1000 person-years), and overall mortality (26.5 vs 15.8 per 1000 person-years) than the non-AF cohort, with an crude hazard ratio (cHR) of 1.69 (95% CI=1.54--1.86), 7.06 (95% CI=6.34--7.86), 2.86 (95% CI=2.61--3.15), and 1.69 (95% CI = 1.53--1.87) (Table [2](#T2){ref-type="table"}). Multivariable Cox proportional hazard regression analysis for the risk of PAD showed a significantly higher risk in the AF cohort (adjusted HR = 1.31, 95% CI = 1.19--1.45) compared with the non-AF cohort. Similar results were observed for heart failure and stroke, where the AF cohort had a 1.83-fold and 2.53-fold higher risk of developing heart failure and stroke. Compared with the non-AF cohort, the AF cohort had a significant increased risk for mortality (adjusted HR = 1.66, 95% CI = 1.49--1.84).

###### 

Comparison of Incidence Densities of Outcome (Hazard Ratio) Between Patients With and Without Atrial Fibrillation
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The overall incidence and risk of PAD, heart failure, stroke and mortality in the 2 cohorts were compared with respect to several variables, namely sex, and age (Table [3](#T3){ref-type="table"}). The sex-specific AF cohort to non-AF cohort relative risk of PAD were significantly higher for both women (adjusted HR = 1.21, 95% CI = 1.04--1.40) and men (adjusted HR = 1.39, 95% CI = 1.22--1.58). The incidence was increased with age in both cohorts. The relative risk of PAD on the age-specific AF cohort to non-AF cohort was higher in the group of aged ≤ 64 and in aged ≥ 75. The risks of heart failure, stroke, and mortality, in all stratifications, remained higher in the AF cohort than in the non-AF cohort.

###### 

Comparison of Incidence Densities of Outcome (Hazard Ratio) Between Patients With and Without Atrial Fibrillation by Demographic Characteristics and Comorbidities
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Relative to patients in the non-AF cohort without comorbidity, patients in the AF cohort with comorbidity had a higher risk of heart failure (adjusted HR = 16.1, 95% CI = 12.8--20.2) than that of patients with only comorbidity (adjusted HR = 2.88, 95% CI = 2.27--3.65) (Table [4](#T4){ref-type="table"}, *P* value of interaction \< 0.001) (Table [4](#T4){ref-type="table"}). Furthermore, patients with both AF and comorbidity exhibited a significantly higher risk of stroke than that of patients without both conditions (adjusted HR = 4.63, 95% CI = 3.98--5.39). We observed a significantly higher risk of PAD for patients with AF and comorbidity (adjusted HR = 3.89, 95% CI = 2.82--5.36) than for those without AF and comorbidity. Table [4](#T4){ref-type="table"} also shows that the AF patients with comorbidity had the significantly higher risk of mortality (adjusted HR = 1.82, 95% CI = 1.58--2.09), compared with that of the patients without AF and without comorbidity.

###### 

Cox Proportional Hazard Regression Model for Analyzing the Risk of Atrial-Fibrillation-Associated Outcome With the Interaction Effects of Comorbidity
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Figure [1](#F1){ref-type="fig"}A toD shows that the AF cohort had a significantly higher cumulative proportion of PAD (*P* \< 0.001) (Figure [1](#F1){ref-type="fig"}A), heart failure (*P* \< 0.001) (Figure [1](#F1){ref-type="fig"}B), stroke (*P* \< 0.001) (Figure [1](#F1){ref-type="fig"}C), and mortality (*P* \< 0.001) (Figure [1](#F1){ref-type="fig"}D) compared with the non-AF cohort.

![A--D show that the AF cohort had a significantly higher cumulative proportion of PAD (*P* \< 0.001) (A), heart failure (*P* \< 0.001) (B), stroke (*P* \< 0.001) (C), and mortality (*P* \< 0.001) (D) compared with the non-AF cohort. AF = atrial fibrillation; PAD = peripheral arterial disease.](medi-95-e3002-g005){#F1}

DISCUSSION
==========

In this nationwide population-based study, we observed that the risk of PAD was significantly higher in the AF cohort (adjusted HR = 1.58, 95% CI = 1.32--1.88) compared with the non-AF cohort. The risk of PAD increased with age and comorbidity in both cohorts. Patients with both AF and comorbidities exhibited a higher prevalence of developing PAD; however, AF remained an independent risk factor for PAD after adjustment for covariates.

Previous studies have shown conflicting results regarding the association between AF and PAD.^[@R15]^In the Women\'s Health Initiative study, PAD was independently associated with the development of AF in postmenopausal women.^[@R16]^ A retrospective study by Naccarelli et al revealed that the prevalence of PAD was \>2-fold higher in patients with AF than in those without AF.^[@R17]^This result is in accordance with the results of our study.

Patients with AF often have coexisting vascular diseases, and the combination of the 2 diseases substantially increases the risk of future cardiovascular events. Therefore, we suggest that atherothrombosis is the mechanism underlying the significant association between AF and PAD. In addition, the results of the present study imply that overlapping of the thrombogenesis pathway involving endothelial damage, inflammation activation, and hypercoagulability connects AF and PAD. Furthermore, the fulfillment of Virchow\'s triad possibly explains the increasing risk of stroke and cardiovascular disease development in patients with AF and might also contribute to the pathophysiology of PAD.^[@R6],[@R8]^ The ACC/AHA/ESC 2006 guidelines emphasized the endothelial dysfunction, stasis, and elevated levels of P-selectin and von Willebrand factor in patients with AF. Levels of fibrin, D-dimer, and C-reactive protein, which may lead to a hypercoagulable state and the aforementioned multiple comorbidities, are also higher in patients with AF.^[@R18],[@R19]^

The association of AF with PAD has gained attention. It is well established that PAD independently predicts stroke in patients with AF and consequently is included as a component of the CHA2DS2-VASc score.^[@R20]^ In a review article, the previous studies emphasized the mechanism and summarized that AF coexisting with PAD leads to frequent CV outcomes and that patients with AF should be routinely screened for the presence of PAD.^[@R21],[@R22]^ In accordance with previous evidence, our results revealed that PAD often coexisted with AF. Therefore, screening for asymptomatic PAD and decision-making for thromboprophylaxis is crucial.^[@R23]^

Antiplatelet therapy is effective for reducing the mortality and morbidity of PAD, whereas oral anticoagulation therapy with warfarin is not beneficial and is potentially harmful because of an increased risk of major bleeding. To our knowledge, no robust clinical trials have examined the benefits and risks of new antithrombotic medications in patients with PAD. By contrast, the use of anticoagulant drugs or vitamin K antagonist therapy is recommended in patients with a high risk of AF, and novel oral anticoagulant drugs provide a new option.^[@R24]^ Patients with AF having a high risk of PAD or those with PAD seem to be a fragile subgroup and have a substantial risk of atherothrombotic events; therefore, these patients must be carefully administered thromboprophylactic drugs or a combined antithrombotic therapy.

Many patients with AF commonly have associated atherosclerotic risk factors that may lead to ischemic stroke, myocardial infarction, increased risk of cardiovascular (CV) events, and mortality.^[@R6],[@R25],[@R26]^ The result of a study by Li et al in 2015, which included 3737 patients with newly diagnosed AF and 704,225 patients without, showed that a significantly higher incidence of future major adverse cardiac events and mortality in the AF group. This study also evaluated the National Health Insurance Research Database for the relationship of AF and major cardiovascular events, and newly diagnosed AF patients were associated with 8.45 times the risk of developing future major adverse cardiac events than healthy participants.^[@R27]^ Similar results were observed in our study, where the AF cohort had a 1.84-fold higher risk of developing heart failure.

The strength in our study is this study was the longitudinal cohort study from the population-based and nationwide database. The longitudinal designed study includes a very big case numbers of study and control cohorts to have a very low loss of follow-up. Besides, under the reimbursement law, the insurance system is only 1 buyer and operated by the Taiwan government. Therefore, the database can accurately represent the general Taiwan\'s population. Because the insurance claims in the database should be routinely surveyed by the medical specialists under anonymous peer review based on the standard diagnosed criteria. So, in this study, the diagnoses of PAD and AF by the ICD-9 codes should be highly reliable.

However, several limitations should be acknowledged. First, because each disease was defined on the basis of ICD-9-CM codes, we could not distinguish whether patients had chronic or paroxysmal AF; therefore, the prognosis of these conditions may differ. Furthermore, no laboratory markers were tested at the baseline; such tests could have facilitated accurate prediction of the severity of PAD. In the other hand, PAD may be often asymptomatic, and physicians may ignore it unless routine detection of PAD in AF patients was established.^[@R28]^ Second, thromboprophylaxis, which is a potential confounding factor, was not considered. Differences in medication use affect the development of PAD. Finally, the NHI Research Database does not provide detailed information on patient characteristics, such as the blood pressure, fasting glucose or hemoglobin A1c, LDL cholesterol or total cholesterol, HDL cholesterol, BMI, smoking habit, medications, family history, alcohol consumption, lifestyle, laboratory data, and body mass index. However, we already used the related disease such as smoking-related diseases and diabetes, hypertension, and hyperlipidemia to do the possible adjustment. Despite these limitations, the data regarding the relationship between AF and PAD are highly reliable because of the validity of the database, large sample size, and long follow-up period.

In conclusion, we showed that the incidence of PAD is higher in patients with AF than in those without AF. Moreover, our results suggest that AF with comorbidities predisposed patients to a much higher risk of PAD. Future studies must focus on identifying high-risk subgroups according to the ABI index or imaging or laboratory studies. A large-scale clinical trial determining secondary prevention therapies in high-risk individuals is crucial for reducing mortality and cardiovascular events would be worthwhile.

Abbreviations: AF = atrial fibrillation, aHR = adjusted hazard ratio, BNHI = Bureau of National Health Insurance, CI = confidence interval, LHID 2000 = Longitudinal Health Insurance Database 2000, NHI = National Health Insurance, NHIA = National Health Insurance Administration, NHIRD = National Health Insurance Research Database, NHRI = National Health Research Institutes, PAD = peripheral arterial disease.
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